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Two g e n e r a l  a v i a t i o n  a i r p l a n e s  wi th  a mass o f  2700 kg each were crash-  
tested a t  v e l o c i t i e s  o f  13 and 27 m/sec a t  the Langley impact dynamics research 
f a c i l i t y .  These tests are t h e  first i n  a program  being  conducted  under  con- 
t r o l l e d  f r e e - f l i g h t  c o n d i t i o n s  t o  d e t e r m i n e  t h e  effects selected impact param- 
eters have on c ra sh  damage. I n  t h i s  r e p o r t  t h e  o n l y  f a c t o r  i n v e s t i g a t e d  is t h e  
effect  of  doubl ing  the  impact  ve loc i ty .  Other f a c t o r s  s u c h  as r o l l ,  yaw, p i t c h ,  
f l i g h t  p a t h ,  a n g u l a r  rates, impact  sur face ,  f i r e ,  e t c . ,  a l s o  affect  an aircraft  
c ra sh  bu t  were n o t  c o n s i d e r e d  i n  t h i s  r e p o r t .  
In   bo th  tests two sequen t i a l   impac t s   occu r red :   an   i n i t i a l   impac t  when t h e  
fuse lage  nose  first contac ted  the ground  and a secondary impact when t h e  c a b i n  
area i n  t h e  v i c i n i t y  o f  t h e  wing spar   contac ted  the ground. The secondary 
impact  produced t h e  h i g h e s t  a c c e l e r a t i o n s  i n  t h e  c a b i n  area. Doubling  the  impact 
ve loc i ty  inc reased  the  normal and longitudinal peak-to-peak accelerations on t h e  
c a b i n  f l o o r  by 52 percen t .  Roof normal  peak-to-peak  accelerations were increased  
by 43 percen t .  The occupant seats r ema ined   a t t ached   t o   t he   f l oo r   du r ing  t h e  
crash sequence and t h e  " l i v e a b l e  volume" of the cab in  was adequately maintained 
during  both tests. Accelera t ion  time h i s t o r y  data and s t r u c t u r a l  damage a t  
va r ious  airframe l o c a t i o n s  are d i s c u s s e d .  The t e s t  f a c i l i t y ,   i n s t r u m e n t a t i o n ,  
specimen, and test method are a l s o  b r i e f l y  descr ibed .  
I N T R O D U C T I O N  
With t h e  r a p i d  growth of private and commercial  a i r  t r a f f i c  s i n c e  World 
War 11, increasing emphasis has been focused on the  causes  o f  pas senge r  in ju r i e s  
and dea th  i n   s e v e r e   b u t   p o t e n t i a l l y   s u r v i v a b l e   c r a s h e s .  NACA (National  Advisory 
Committee fo r  Aeronau t i c s ) ,  t h e  predecessor  of  NASA (National Aeronautics and 
Space Adminis t ra t ion) ,  conducted a series of full-scale a i r c ra f t  crash tes ts  w i t h  
instrumented dummies i n  t h e  e a r l y  1 9 5 0 ' s  ( refs .  1 and 2 ) .  These tests were per-  
formed by a c c e l e r a t i n g  t h e  a i r c r a f t  a l o n g  a h o r i z o n t a l  g u i d e  r a i l  i n t o  a n  e a r t h e n  
mound. La ter  NACA s t u d i e s  shed some l i g h t  on t h e  dynamic  response  of seat s t r u c -  
t u r e s  t o  i m p a c t  l o a d s  ( re f .  3 )  and  r e su l t ed  in  a CAA (C iv i l  Aeronau t i c s  Adminis- 
t r a t i o n )   u p d a t e   i n  s ta t ic  seat s t r eng th   r equ i r emen t s .  The a i rc raf t  prev ious ly  
tested by NACA,  however, are n o t  s t r u c t u r a l l y  r e p r e s e n t a t i v e  o f  c u r r e n t  g e n e r a l  
a v i a t i o n  a i rcraf t .  I n  1973,  a j o i n t  g e n e r a l  a v i a t i o n  crash t e s t  program was 
i n i t i a t e d  by t h e  Federal Aviat ion Adminis t ra t ion (FAA) and NASA. 
A s  p a r t  o f  t h i s  new program, NASA Langley Research Center is conduct ing a 
series o f  crash tests to  ob ta in  in fo rma t ion  on a i rcraf t  crashes unde r  con t ro l l ed  
cond i t ions .  One o b j e c t i v e  o f  t h e  program is t o  u n d e r s t a n d  what  happens  inside 
an aircraft  during a s imula ted  crash and t o  l e a r n  how v a r i o u s  crash parameters  
affect  the  magn i tude  and  pa t t e rn  o f  t he  s t ruc tu ra l  damage. T h i s  information 
is e s s e n t i a l  f o r  p r e d i c t i n g  s t r u c t u r a l  c o l l a p s e  a n d  d e s i g n i n g  new c o n c e p t s  f o r  
seats, o c c u p a n t   r e s t r a i n t   s y s t e m s ,  and   cab in   in te r iors .   Evalua t ion   of   energy-  
absorbing seats and  ene rgy-abso rb ing  f loo r  s t ruc tu res  is inc luded  in  the  j o i n t  
program  but is n o t  c o n s i d e r e d  i n  t h i s  r e p o r t .  These energy-absorbing devices  
can be  used  to  abso rb  and  d i s s ipa t e  some of  the impact  energy  to  opt imize  the  
p r o t e c t i o n  o f  t h e  occupants .  Crash test data are a l s o  t o  be  compared w i t h  
a n a l y t i c a l  p r e d i c t i o n s  u s i n g  f i n i t e - e l e m e n t  e l a s t o - p l a s t i c ,  large d e f l e c t i o n ,  
computer  program  predictions (ref. 4 ) .  
It is u n d e r s t o o d  t h a t  t h e r e  are c e r t a i n  l e tha l  crashes i n  which t h e  
aircraft  s t r u c t u r e  is damaged  beyond hope o f  s u r v i v a b i l i t y  f o r  t h e  occupants .  
Lang ley ' s  c r a sh  s tud ie s  are not  directed toward such crash condi t ions but  rather 
t h o s e  c r a s h e s  i n  w h i c h  t h e  i m p a c t e d  s t r u c t u r e  re ta ins  a " l iveab le  volume" and 
h a s  p o t e n t i a l  f o r  o c c u p a n t  s u r v i v a b i l i t y .  A " l i v e a b l e  volumef1 is a volume 
s u f f i c i e n t  i n  s i z e  t o  m a i n t a i n  space between the occupant  and t h e  s t r u c t u r e .  
I n  t h i s  p a p e r ,  t h e  first two i n  a s e r i e s . o f  aircraft  crash tests are d i s -  
cussed. The tes ts  were conducted a t  f l i gh t -pa th  ve loc i t i e s  o f  13  and  27 m/sec 
(30  and 60 mph). The effect  of  doubl ing  the  impact  ve loc i ty  is d i s c u s s e d  i n  
terms o f  s t r u c t u r a l  a c c e l e r a t i o n s  and damage. Only t h e  effect o f  v e l o c i t y  
change is d i s c u s s e d  i n  t h i s  r e p o r t .  Other f a c t o r s  a f f e c t i n g  a n  a i rcraf t  crash 
such as r o l l ,  yaw, p i t c h ,  a n g u l a r  ra tes ,  f l i g h t  pa th ,  var ious  impact  sur faces ,  
f i r e ,  etc.  are not  covered here. These tes ts  were no t   conduc ted   t o   eva lua te  
t h e  c r a s h  s a f e t y  o f  a p a r t i c u l a r  a i r p l a n e  b u t  rather t o  o b t a i n  data f o r  a n a l y s i s .  
TEST FACILITY AND PROCEDURES 
F a c i l i t y  
The crash tests were performed a t  t h e  Langley impact dynamics research 
f a c i l i t y  shown i n  figure 1 .  The gan t ry  s t ruc ture  is 73 m h i g h ,  122 m long,  and 
81 m wide a t  t he  base. The impact  sur face  is a re in fo rced  conc re t e  pad selected 
t o  p r o v i d e  r e p e a t a b i l i t y  f o r  t h e  tes ts  and to allow comparison between tes t s  
conducted on t h e  same impact  sur face .  Shown i n  t h e  f i g u r e  is an  a i rp lane  spec-  
imen suspended from the  g a n t r y  i n  the  r e a d y  p o s i t i o n  t o  be swung onto t h e  impact 
su r f ace .  De ta i l ed  in fo rma t ion  on t h e  full-scale aircraft  crash f a c i l i t y  i n  which 
the c r a s h  t e s t s  were conducted i s  r e p o r t e d  i n  r e f e r e n c e  5. 
Aircraft Suspension System 
The cable ar rangement  used  in  cont ro l l ing  t h e  swing of t he  a i r p l a n e  i s  
shown i n  figure 2. The a i r p l a n e  was suspended  from t h e  gan t ry  by  two  swing 
cab le s .  To each  swing cable, three cables were a t t ached  a t  a r i n g  j u n c t i o n .  
From each r i n g  j u n c t i o n  two cables were connected on t h e  t o p  c e n t e r  l i n e  o f  t h e  
a i rp l ane ,  fo re  and  a f t  o f  t h e  c e n t e r  o f  g r a v i t y ,  t o  c o n t r o l  t h e  angle  of  at tack 
and t h e  t h i r d  cable was connected on t h e  wing t o  s u p p o r t  t h e  a i rp lane  and  t o  
c o n t r o l  roll. The i n t e r a c t i o n  o f  a l l ,  three cables was i n v o l v e d  i n  yaw c o n t r o l .  
A pul lback cable and harness was used  t o  l i f t  and  hold  the  a i rp lane  a t  t h e  
desired height  f rom which i t  was later r e l e a s e d  t o  start its downward swing. 
The pul lback height  was v a r i e d  t o  p r o d u c e  i m p a c t  v e l o c i t i e s  o f  13 and 27 m/sec. 
An umbi l i ca l  cab le  was used t o  t r a n s m i t  s i g n a l s  f r o m  a c c e l e r o m e t e r s  t o  a d a t a  
a c q u i s i t i o n  s y s t e m  l o c a t e d  i n  a b u i l d i n g  a d j a c e n t  t o  t h e  g a n t r y .  
2 
Test Parameters 
Test parameters  tha t  can  be c o n t r o l l e d  a t  the f a c i l i t y  are f l i g h t - p a t h  
v e l o c i t y ,   f l i g h t - p a t h   a n g l e ,   a n g l e   o f  a t tack ,  p i t c h ,  yaw, and r o l l .  These 
parameters  are shown i n  f i g u r e  3 toge the r  w i t h  t h e  p o s i t i v e  d i r e c t i o n  o f  the 
a i rc raf t  coordinate   system. For b o t h   t e s t s   r e p o r t e d   h e r e i n ,  a l l  parameters  
were nominal ly   the same e x c e p t  f o r  t h e  f l i g h t - p a t h  v e l o c i t y .  I n  t h e  f irst  t e s t  
t h e  nominal  f igh t -pa th  ve loc i ty  a t  impact was 13 m/sec and in  the  second  t e s t  i t  
was 27 m/sec. The v e l o c i t y  i n  t e s t  2 was doubled by i n c r e a s i n g  t h e  drop  he ight  
from 9 m i n  t h e  first test t o  42 m .  
Test Method 
After pre l iminary  checks  on t h e  a i rcraf t  impact  pos i t i on ,  py ro techn ic  
dev ices ,  and  in s t rumen t  ca l ib ra t ion ,  the a i r c r a f t  was pu l l ed  back  to  a pre- 
de te rmined  he ight  to  obta in  t h e  desired v e l o c i t y  a t  impact. The a i rcraf t  was 
then released t o  swing  pendulum s t y l e .  The cables were pyro technica l ly   sep-  
arated from the  a i r c ra f t  ju s t  be fo re  impac t  t o  a l low t h e  a i r c ra f t  t o  crash under 
f r e e - f l i g h t - c o n d i t i o n s  on t h e  impact surface. A t  t h i s  time, t h e  umbi l i ca l   cab le  
was still a t t a c h e d  t o  the  a i r c ra f t  and e x e r t e d  n e g l i g i b l e  r e s t r a i n i n g  f o r c e s  
during the crash sequence. The umbi l i ca l  cab le  was separated from its connector  
on the  a i rc raf t  a f te r  a l l  s i g n i f i c a n t  crash data had been  recorded. Details of  
t h e  f a c i l i t y  c a p a b i l i t i e s ,  o p e r a t i o n ,  s u s p e n s i o n  s y s t e m ,  t e s t i n g  m e t h o d ,  a n d  p e r -  
formance are described i n  r e f e r e n c e  5 .  
Test Specimens 
Airplane specimens used for  t h e  tests were twin-engine  genera l  av ia t ion  
type having a nominal mass o f  2700 kg and a c a p a c i t y  f o r  s i x  t o  e i g h t  p a s s e n -  
gers. Both  specimens,  one  of  which i s  shown i n  f i g u r e  4 ,  had  simulated  engines 
and t a i l  s e c t i o n s  which gave  the  proper  mass d i s t r i b u t i o n .  The f u e l  b l a d d e r s  
were f i l l e d  w i t h  co lored  water t o  s i m u l a t e  t h e  f u e l  mass and t o  h e l p  l o c a t e  
b l a d d e r  leakage,  i f  any ,   dur ing  t h e  tests. S p o i l e r s  were a t t a c h e d  t o  t h e  wings 
t o  minimize the aerodynamic l i f t .  
The e x t e r i o r  o f  t h e  a i rcraf t  was pa in ted  ye l low to  enhance  photographic  
c o n t r a s t  w i t h  the su r round ings  and  b l ack  l i nes  were p a i n t e d  o v e r  r i v e t  l i n e s  t o  
d e l i n e a t e  t h e  u n d e r l y i n g  s t r u c t u r e .  The i n t e r i o r  was pa in t ed  white t o  i n c r e a s e  
the luminosi ty  needed by the high-speed motion-picture cameras and t o  i n c r e a s e  
the  con t r a s t  be tween  t h e  dummies, seats, i n s t r u m e n t s ,  a n d  s t r u c t u r e .  
The a i rp l ane  spec imens  fo r  bo th  tests were similar e x c e p t  i n  t h e  i n t e r i o r  
where i n  t es t  1 ,  one anthropomorphic dummy was used on the first passenger  seat 
and f i v e  lead weights  were used t o  s i m u l a t e  t h e  weight and  cen te r  o f  g rav i ty  o f  
t h e  p i l o t ,  c o p i l o t ,  s e c o n d ,  t h i r d ,  and  fourth  passengers .  
I n  test 2 ( f ig .  4 ( b ) )  t h e  p i l o t  and first passenger  were anthropomorphic 
dummies, the  copi lo t  and  second passenger  were manikins ,  and the t h i r d  and 
fou r th  pas senge r s  were s imula ted  wi th  lead weights .  
3 
Ins t rumenta t ion  
The ins t rumenta t ion  cons is ted  of  acce lerometers ,  h igh-speed  cameras 
mounted onboard, and cameras to  provide  ex terna l  photographic  coverage  of  t h e  
tests. 
The accelerometers  used were p i e z o e l e c t r i c  t y p e  w i t h  low impedance t o  
minimize  noise  over t h e  214-m cable l eng ths .  The umbi l i ca l  cable t o  t h e  gan t ry  
was 104 m long and t h e  cable from t h e  g a n t r y  t o  the  c o n t r o l  room was 110 m i n  
length .  The s ignal   condi t ioning  equipment   and  four   f requency  modulated (FM) 
t ape  r eco rde r s  are l o c a t e d  i n  a c o n t r o l  room. The frequency  response  range  of 
t h e  acce lerometers  was from 2 t o  5000 Hz a n d  s i g n a l s  were f e d  through 4- t o  
3300-Hz band-pass f i l ters  i n  t h e  a m p l i f i e r s  and recorded on FM magnet ic  tape 
r eco rde r s .  The maximum dynamic range  of t h e  acce lerometers  was +750g.  Acceler- 
ometers were i n s t a l l e d  i n  the l e f t  side of the  specimen,  symmetry of damage of  
impact ( O o  roll, O o  yaw) being  assumed. They were l o c a t e d  a d j a c e n t  t o  t h e  f l o o r  
beam, a t  the base of  t h e  first passenger  seat ,  i n  the dummy's pe lv i s  and  head ,  
a long t h e  r o o f  p r o f i l e ,  on t h e  t a i l ,  and  on t h e  wings  and were o r i e n t e d  i n  t h e  
normal ,   longi tudina l ,  and t r a n s v e r s e   d i r e c t i o n s .  Each l o c a t i o n  is des igna ted  
by t h e  c o o r d i n a t e s  shown i n  f i g u r e  5 as  fo l lows:  the acce lerometer   loca t ion  
on the  f l o o r  beam n e a r e s t  t h e  nose is des igna ted  2B9, e tc .  An acce lerometer  
a t  t h a t  l o c a t i o n  o r i e n t e d  i n  t h e  normal   d i rec t ion  is des igna ted  2B9N. Acceler- 
ometers  measur ing  longi tudina l  and  t ransverse  acce lera t ions  are des igna ted  w i t h  
L and T ,  r e s p e c t i v e l y .  
The p i ezoe lec t r i c  acce le romete r s  used i n  t h e  tes ts  e x h i b i t  v a r i o u s  degrees 
o f  ze ro  s h i f t  i n  t h e i r  a c c e l e r a t i o n  time h i s t o r i e s  w i t h  i nc reas ing  time. T h i s  
problem is compounded by t h e  m u l t i p l i c i t y  o f  p u l s e s  t o  which each accelerometer  
was subjected during t h e  tests. A s  a r e s u l t ,  there i s  some unknown e r r o r  i n  
the abso lu te  va lue  o f  acce le ra t ions  r eco rded  a f te r  t h e  f i r s t  p u l s e .  The first 
acce le ra t ion  pu l se  and  a l l  peak-to-peak accelerat ion values ,  however ,  are 
b e l i e v e d  t o  be a c c u r a t e .  
Three 400 pps  (p i c tu re s  pe r  s econd)  cameras were mounted onboard t o  photo- 
graph the  areas i n d i c a t e d  i n  f i g u r e  6 .  I n  t e s t  1 ,  one camera covered the 
i n t e r i o r  s t r u c t u r e  o f  t h e  nose area. A second camera covered the  f r o n t  of t h e  
cabin  inc luding  the  instrument  panel  and t h e  t h i r d  camera was focused on t h e  
anthropomorphic dummy i n  t h e  first passenger seat. I n  t e s t  2 ,  more emphasis 
was placed on cover ing  the dummies' r e s p o n s e  t o  t h e  crash impact  and the  three 
i n t e r i o r  cameras were focused on t h e  dummies ( f i g .  6 ( b ) ) .  The a f t  camera a l s o  
provided an overall  view of t h e  c a b i n  i n t e r i o r .  
F i f t e e n  e x t e r n a l  cameras were used i n  b o t h  tes ts  w i t h  framing rates o f  20,  
24,  400,  and 2000 pps.  Twelve cameras were remote ly   cont ro l led   and   th ree  
cameras were manned t o  track t h e  even t .   I n   add i t ion ,  two t e l e v i s i o n  cameras 
w i t h  i n s t a n t  r e p l a y  c a p a b i l i t i e s  were used during the tests. 
Actual t es t  parameters determined from the camera coverage were f l i g h t -  
p a t h ,  p i t c h ,  r o l l ,  and yaw angles .  The cameras a l so   r eco rded   ex te rna l   and  
in t e rna l  s t ruc tu ra l  de fo rma t ions ,  and  the  mot ions  o f  the dummies, seats, and 
r e s t r a i n t  s y s t e m s .  The v e l o c i t i e s  a t  impact were determined by radar and  photo- 
graphic  coverage.  
4 
DATA REDUCTION 
Raw da t a  f rom the  acce lerometers  conta in  f requencies  f rom 4 t o  3300 Hz. 
The l eas t - squa res  f i t  (LSF) reduct ion  technique  was a p p l i e d  t o  t h e  h i g h -  
frequency data i n  a n  a t t e m p t  t o  smooth t h e  data and approximate the basic 
loading  func t ion  a t  the  v a r i o u s  a i rcraf t  acce le romete r  l oca t ions .  
A trace u s i n g  t h i s  t e c h n i q u e  is shown i n  f i g u r e  7 ( a )  t o g e t h e r  w i t h  t h e  
raw data trace and other  traces us ing  low pass  cons t an t  ampl i tude ,  e igh t  po le ,  
analog f i l ters of  60,  90,  180,  and  600 Hz. An LSF trace is superimposed  on the  
raw data for  comparison.  The trace is i n  p h a s e  w i t h  t h e  raw data and  the  mag- 
n i tudes  o f  t he  peaks  show a good ave rage  r ep resen ta t ion  o f  t h e  raw data.  I n t e -  
g r a t i o n s  o f ' t h e  raw data and LSF data were made and showed t h a t  t h e  area under 
both   curves  was t h e  same; t h u s ,  t h e  LSF averaging  technique was v a l i d a t e d .  The 
LSF technique was p r e f e r r e d  o v e r  s t a n d a r d  f i l t e r i n g  t o  a v o i d  t h e  i n h e r e n t  time 
lag of  f i l t e red  data and provide bet ter  co r re l a t ion  be tween  acce le romete r  data 
and high-speed motion-picture data. 
I n  t h i s  r e p o r t ,  LSF a c c e l e r a t i o n  v a l u e s  were used  throughout.  The LSF 
t echn ique  y i e lds  acce le ra t ion  va lues  comparab le  w i t h  those  obta ined  wi th  a 
150-Hz f i l t e r  as may be surmised from f igure 7.  
RESULTS AND DISCUSSION 
' Nominal (planned)   and  actual   impact   parameters  are t a b u l a t e d  i n  f i g u r e  3 .  
The differences between nominal  and actual  values  are cons idered  acceptab le .  
The small d i f f e r e n c e s  shown may be a t t r i b u t e d  t o  o s c i l l a t i o n s  o f  the a i r p l a n e  
i n  i t s  f l i g h t  pa th ,  ca t ena ry  effects of  the swing cables, wind g u s t  v e l o c i t y  
and d i r e c t i o n  d u r i n g  the tests, and  o ther  test  p e r t u r b a t i o n s .  
F i g u r e s  8 ( a )  and 8 ( b )  are sequences of photographs taken during the  f irst  
and  second tes t ,  r e s p e c t i v e l y .  T ime  between frames is 0.05 second. The photo- 
g r a p h s  c l e a r l y  show t h e  f r e e - f l i g h t  c o n d i t i o n  o f  the tes t  spec imen  p r io r  t o  
i n i t i a l  i m p a c t .  The s t r u c t u r a l  damage t o   t h e   f u s e l a g e   o c c u r s   d u r i n g  two 
impac t s :   i n i t i a l   impac t   fo l lowed  by a second  impact .   In i t ia l   impact  starts 
when the nose first con tac t s  t he  l and ing  su r face  ( second  frame i n  t e s t  1 and 
t h i r d  frame i n  t es t  2 ) .  Second  impact starts a t  t h e  time the  wing  main s p a r  
c o n t a c t s  t h e  l a n d i n g   s u r f a c e  ( f i f t h  frame). During i n i t i a l   i m p a c t ,  the f l o o r  
beams i n  t h e  n o s e  y i e l d e d  and  caused  buckling  of  the  nose  and f i r e  wall. The 
combination of downward momentum of  the wings and the impact  of  the main spa r  
wi th  the  ground caused  twis t ing  of  the  main spa r  and  lo s s  o f  wing d ihedra l  
angle .   For   both tests, t h e  s t r u c t u r a l  damage was moderate   and  the  cabin main- 
t a ined  i t s  i n t e g r i t y  a n d  l i v e a b l e  volume. 
A c c e l e r a t i o n  t r a c e s  i n  t h e  n o r m a l  ( Z - a x i s )  d i r e c t i o n  f o r  two extreme 
p o i n t s  on t h e  f l o o r  beam are shown i n  f i g u r e  9 ( a ) .  The t o p  t r a c e s  are t h e  
a c c e l e r a t i o n  time h i s t o r i e s  p r o d u c e d  by t h e  i n i t i a l  i m p a c t  i n  t h e  nose area 
a t  p o i n t  2B9N. The trace f o r  test 1 ( s o l i d  l i n e )  shows a peak  of  -37g  occur- 
r i n g  26 m s  a f te r  i n i t i a l  ground contact  whereas  in  t e s t  2 ( d a s h e d  l i n e )  a peak 
of -107g was recorded 18 m s  a f t e r  c o n t a c t .  The minus  s igns  s ign i fy  acce le ra -  
t i o n s  i n  t he  upward d i r e c t i o n .  ( I g  = 9.806  m/sec2. ) After i n i t i a l  i m p a c t ,  t h e  
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spec imen  cont inues   to  s l ide forward and t o  r o t a t e  t a i l  downward. The p i v o t  
p o i n t  is the  con tac t  su r f ace  unde r  the  fuse l age  which moves a f t  dur ing  t h e  
downward r o t a t i o n  u n t i l  s e c o n d a r y  i m p a c t  o r  s l a p  down is completed. The crash 
f o r c e s  are a p p l i e d  t o  t h e  s t r u c t u r e  a t  the moving c o n t a c t  s u r f a c e ,  which grows 
i n  area and moves rearward toward the cab in  as t h e  f u s e l a g e  r o t a t e s  downward. 
As t he  spec imen  con t inues  to  s l ide f o r w a r d ,  t h e  c a b i n  r o t a t e s  o n t o  t h e  
l and ing  su r face .  The i m p a c t  i n  t h e  rear of  t h e  cab in  was recorded by accel- 
erometer  19B9N l o c a t e d  a d j a c e n t  t o  t h e  f loor beam. A peak-to-peak accelera- 
t i o n  o f  48g was r e c o r d e d  i n  t e s t  1 a t  t h i s  l oca t ion  and  63g i n  t e s t  2 .  (See 
f i g .  9 ( a ) . )  S i g n i f i c a n t  a c c e l e r a t i o n s  r e c o r d e d  a t  the  rear o f  t he  cab in  
( l o c a t i o n  19BgN) do n o t  a p p e a r  u n t i l  125 m s  afte,r i n i t i a l  c o n t a c t  i n  t e s t  1 
and af ter  60 m s  i n  test 2.  Accelerat ion time h i s t o r i e s  a d j a c e n t  t o  t h e  f l o o r  
beam normal t o  the l o n g i t u d i n a l  a x i s  are shown i n  f i g u r e s  9 ( b )  and 9 ( c )  f o r  
tests 1 and 2 ,  r e s p e c t i v e l y .  From top  to  bo t tom t h e  traces r e p r e s e n t  n o s e  t o  
t a i l  acce le romete r  l oca t ions .  The h igher  acce le ra t ion  peaks  o f  each trace 
occurred when t h a t  l o c a t i o n  on the  f l o o r  beam was over  the fuselage-ground 
contac t   po in t .   Zero  time r e p r e s e n t s   i n i t i a l   c o n t a c t .   I n  test 2 ( f i g .  9 ( c ) )  
a t  twice t h e  impact  ve loc i ty  of  test 1 ,  t h e  a c c e l e r a t i o n s  were higher and the  
elapsed time fo r  s i g n i f i c a n t  a c c e l e r a t i o n s  was o f  s h o r t e r  d u r a t i o n .  
A complete set o f  t h e  a c c e l e r a t i o n  time h i s t o r y  traces f o r  t h e  t h e  specimen 
i n  e a c h  tes t  are inc luded  in  the  append ix .  They are p r e s e n t e d  i n  p l o t s  a c c o r d -  
i n g  t o  their  l o c a t i o n  a n d  o r i e n t a t i o n .  The l o c a t i o n s  are d i v i d e d  i n t o  t h e  f l o o r  
beam, cabin  floor and  wing,  roof,  and dummies. 
Photographs showing external damage t o  t h e  specimens f o r  tests 1 and 2 are 
shown i n  f i g u r e s  10 and 1 1 ,  r e s p e c t i v e l y . .  The damage t o  t h e  nose area of t h e  
specimen was approximately t h e  same f o r   b o t h  tests.  (See f ig s .  1 0 ( a )  a n d  l l ( a > . )  
The crash f o r c e s  i n  the  nose area were more in t ense  and  the  damage  more seve re  
than  in  o the r  pa r t s  o f  t he  spec imen .  However, the damage was rest r ic ted t o  t h e  
cowling and f i r e  wall where most of the impact energy was absorbed by crushing  
of  t he  s t ruc tu re  du r ing  nose  con tac t .  Some of  t h e  remain ing  energy  in  t h e  form 
of  small a t t enua ted  fo rces  and motions was t r a n s m i t t e d  t o  t h e  c a b i n  area. 
I n  tes t  2 the  sk in  wr inkled  f rom nose  to  t a i l  on both s ides  of t h e  fuse-  
lage. The ove r l app ing  shee t  metal on top  o f  t h e  fuse l age  sepa ra t ed  a long  t h e  
r i v e t  l i n e  b e h i n d  the  first window due t o  r i v e t  shear. S imi l a r  breaks occurred 
a long  the  r i v e t  l i n e  a t  t h e  base of   the windows. (See f i g s .  I l ( a )  and I l ( b ) . )  
The sepa ra t ion  a long  the r i v e t  l i n e  on top and along the s ide of t h e  fuse l age  
occurred during second impact  when the  roo f  con t inued  to  move downward as t h e  
f l o o r  was b rough t  t o  rest and t h i s  movement caused a la teral  expansion of the  
cabin .  
The i n t e r i o r  damage t o  t h e  c a b i n  i n  t es t  1 was r e l a t i v e l y  m i l d ,  s i g n i f i c a n t  
damage o c c u r r i n g  i n  t h e  f o r e  c a b i n  i n  t h e  v i c i n i t y  o f  t h e  instrument panel and 
f i re  wall. The damage t o  t h e  c a b i n  i n t e r i o r  f o r  t es t  2 is shown i n  f i g u r e s  I l ( c )  
and l l ( d ) .  I n  t es t  2 t h e  c r o s s  members i n  t h e  f l o o r  s t r u c t u r e  u n d e r  t h e  f r o n t  
legs of  the p i l o t  and  copi lo t  seats co l l apsed .  T h i s  was d u e  t o  the forward  and 
downward t h r u s t  o f  t h e  seats and occupants .  In  t he  cab in  area a f t  o f  t he  main 
s p a r  ( f i g .  I l ( c ) ) ,  the s t ructural  damage is e v i d e n t  i n  t h e  d e f l e c t i o n  o f  t he  
two ou te r   f l oo r   pane l s   abou t  the f l o o r  beams. During  second  impact, t h e  rounded 
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bottom portion of t h e  fuse lage  benea th  the  f l o o r  beams c o n t a c t s  t h e  ground and 
is f l a t t e n e d .  A s  the  impact   p rogresses ,  t h e  v e r t i c a l  m o t i o n  o f  t h e  f l o o r  beams 
is arrested whi l e  t he  roof and sides of  t h e  c a b i n  c o n t i n u e  t o  move downward. 
T h i s  downward movement o f  the sidewalls causes  t h e  two f l o o r  beams t o  a p p e a r  t o  
move upward  and outward. T h i s  de fo rma t ion   pa t t e rn   con t inues   un t i l  t h e  impact 
energy is d i s s i p a t e d  i n  d e f o r m i n g  the c a b i n  s t r u c t u r e .  A t  maximum cabin  defor -  
mation t h e  suppor t  frames y ie lded  on the i r  sides and t h e  cab in  assumed an oval 
shape ( f i g .  I l ( d ) ) .  I n  t es t  2 ,  a t  maximum cabin  deformation the s ides  of  t h e  
a i r p l a n e  moved outward 21 cm a t  t h e  center  and the dis tance between t h e  roof  
and t h e  f l o o r  was reduced by 23 cm. Figure  12 presents  peak-to-peak  normal  and 
l o n g i t u d i n a l  a c c e l e r a t i o n s  a t  l o n g i t u d i n a l  s t a t i o n s  a l o n g  t h e  spec imen  s t ruc tu re  
Peak-to-peak accelerat ions measured normal  to  t h e  f l o o r  beam f o r  tests 1 and 2 
are shown i n  f i g u r e  12(a).  They g i v e  a g e n e r a l  idea of  t h e  a c c e l e r a t i o n  l e v e l s  
a t  v a r i o u s  l o c a t i o n s  a d j a c e n t  t o  t h e  f l o o r  beams. The average  peak-to-peak 
a c c e l e r a t i o n  was 78 pe rcen t  higher  i n  t es t  2 t h a n  i n  t e s t  1 .  For both tests, 
the  a c c e l e r a t i o n s  were h ighe r  a t  t he  nose and near t h e  main spar ,  and lower a t  
the  f i re  wall and  toward t h e  rear of  t he  cab in .  
The average  va lues  of  t h e  longi tudina l  peak- to-peak  acce lera t ions  a t  loca-  
t i o n s  a d j a c e n t  t o  t he  f l o o r  beam are shown i n  f i g u r e  1 2 ( b )  and were approxi-  
mately 40 percent  lower than t h e  normal  acce lera t ion  va lue  in  cor responding  
l o c a t i o n s  f o r  t es t  1 and  57  percent  lower  for test 2 .  I n  t e s t  1 t h e  peak-to-peak 
l o n g i t u d i n a l  v a l u e s  were higher near  t h e  main spar and  cor respond to  high normal 
a c c e l e r a t i o n  v a l u e s  a t  the same l o c a t i o n .  I n  t es t  2 ,  t h e  average   va lue  of longi -  
t ud ina l  peak - to -peak  acce le ra t ions  was 26 percent  higher t h a n  i n  test  1 .  
The peak- to-peak  acce lera t ions  normal  to  t h e  roof  were higher i n  t h e  nose 
area. Average va lues  were 43 percent  higher i n  t es t  2 t h a n  i n  t e s t  1 and are 
shown i n  f i g u r e  1 2 ( c ) .  F igu res  1 2 ( d )  and 12(e)  show the  peak-to-peak accel- 
e r a t i o n s  on t h e  c a b i n  f l o o r  i n  t h e  no rma l  and  long i tud ina l  d i r ec t ions ,  respec- 
t i v e l y .  I n  t es t  2 both t h e  normal   and  longi tudinal   peak-to-peak  accelerat ions 
were approximately 52 pe rcen t  higher t h a n  i n  test 1 .  
The peak-to-peak normal  accelerat ions on t h e  r o o f  ( l o c a t i o n  14G9N, 
f i g .  1 2 ( c ) )  and a d j a c e n t  t o  t h e  f l o o r  beam ( l o c a t i o n  15B9N, f i g .  1 2 ( a ) )  are 36g 
and   85g ,   r e spec t ive ly ,   fo r  t es t  1 and  80g  and  150g f o r  t e s t  2 .  I n  t h i s  compari- 
son,  t he  r o o f  a c c e l e r a t i o n s  are 58 percent  lower than those a t  t h e  f l o o r  beam 
f o r  tes t  1 and 47 percent   lower   for  t e s t  2 .  The lower   roo f   acce le ra t ions  
re f lec t  t h e  effect  o f  fuse l age  s h e l l  de fo rma t ions  and  load  a l l ev ia t ion  as d i s -  
c u s s e d   f o r   f i g u r e  1 1 .  After the  impact was ove r ,  t h e  c a b i n   s t r u c t u r e   r e t u r n e d  
approximate ly   to  i ts o r i g i n a l   s h a p e ,   b u t  the f l o o r  beams remained  deformed.  In 
t h i s  test t h e  a p p a r e n t  f l o o r  beam p r o t r u s i o n  r e s u l t e d  i n  a s l i g h t  r o t a t i o n  o f  
t h e  seats toward the i r  r e s p e c t i v e  side windows as shown i n  f i g u r e  l l ( d ) .  
Figure 13 is a p l o t  o f  t h e  no rma l  acce le ra t ions  on the  f l o o r  a t  t he  base 
of t h e  first passenger  seat. The time of  main s p a r  c o n t a c t  w i t h  t h e  ground was 
determined  photographical ly   and is superimposed on t h e  traces f o r  r e f e r e n c e .  I n  
test 1 ( f i g .  1 3 ( a ) )  a n d  i n  test  2 ( f i g .  1 3 ( b ) )  t h e  combined effect o f  s t r u c t u r a l  
deformat ion ,  angular  acce lera t ion ,  and  t iming  produces  higher peak-to-peak 
a c c e l e r a t i o n s  on t h e  c a b i n  f l o o r  a t  t h e  f r o n t  seat legs compared w i t h  t h e  accel- 
e r a t i o n s  a t  t h e  rear seat legs. Also  during  second impact the  peak-to-peak 
a c c e l e r a t i o n s  on the  f l o o r  were higher on the  a is le  side than  those  on  t h e  
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window side. This  was due t o  the larger d isp lacements  on  the  window s i d e  
because  of t h e  s h e l l  geometry. The average  of  the  peak- to-peak  acce lera t ions  
a t  t h e  f o u r  seat legs i n  test 2 was 78 pe rcen t  higher  than  the  a v e r a g e  i n  
t e s t  1 .  Peak-to-peak  values are used  because  of unknown errors i n  the a b s o l u t e  
va lue  of  acce lera t ions ,  measured  by the  p i e z o e l e c t r i c  accelerometers, a f te r  t h e  
f irst  a c c e l e r a t i o n  p u l s e .  The seats remained attached t o  t h e  f l o o r  d u r i n g  b o t h  
tests. 
I n  tes t  2 ,  t h e  peak-to-peak accelerat ion a t  t h e  dummy p e l v i s  a l o n g  t h e  
s p i n e  was 76g ( f i g .  13( b) . I n  test 1 t h e  dummy p e l v i s  was not   ins t rumented .  
Although a direct  comparison between normal peak-to-peak accelerations on the  
f l o o r  and  on t h e  dummy pe lv i s  cou ld  no t  be  made because t h e  o r i e n t a t i o n  o f  t h e  
acce lerometer  a long  the  sp ine  changed  w i t h  dummy motions during t h e  t e s t ,  i t  
a p p e a r s  t h a t  some ene rgy  d i s s ipa t ion  o r  f o r c e  a l l e v i a t i o n  has taken  p lace  due  
t o  seat  deformation.  The f r o n t  seat legs are experiencing  peak-to-peak  normal 
a c c e l e r a t i o n s  o f  97g  and  105g. (The rear seat legs are a v e r a g i n g  c l o s e r  t o  
normal peak-to-peak accelerations of 72g.)  
CONCLUDING R M A R K S  
Two similar g e n e r a l  a v i a t i o n  a i r p l a n e  test specimens were crash tested a t  
t he  Langley  impact  dynamics research f a c i l i t y  a t  speeds  of  I 3  and 27 m/sec. With 
the except ion  of impact  ve loc i ty ,  a l l  parameters  were e s s e n t i a l l y  t h e  same f o r  
both tests. I n   b o t h  tes ts  two t y p e s   o f   s e q u e n t i a l   i m p a c t s   o c c u r r e d :   a n   i n i t i a l  
impact when the  fuse l age  nose  first con tac t ed  t h e  ground and a second impact 
when t h e  cab in  area i n  the v i c i n i t y  o f  t h e  wing  main spa r  con tac t ed  the ground. 
After second impact the specimens continued to s k i d  h o r i z o n t a l l y  u n t i l  t h e y  came 
t o  a s t o p .  
A c c e l e r a t i o n s  i n  t h e  c a b i n  d u e  t o  i n i t i a l  i m p a c t  were minimal, as most of 
t h e  energy from i n i t i a l  impact was absorbed  dur ing  c rushing  of  t h e  fuse lage  nose  
s t r u c t u r e .  The second  impact   p roduced   the   h ighes t   acce le ra t ions   in  t h e  cab in  
area. 
The average peak-to-peak accelerat ion on t h e  c a b i n  f l o o r  i n  the normal and 
i n  t h e  l o n g i t u d i n a l  d i r e c t i o n s  was aproximate ly  52  percent  h igher  in  test  2 than  
i n  t es t  1.  The average  peak-to-peak  accelerat ion  normal   to  t h e  f l o o r  a t  the 
base of  t h e  first passenger  seat was 78 p e r c e n t  h i g h e r  i n  t e s t  2. I n  both t es t s  
the.seat.s remained attached t o  t h e  f l o o r  d u r i n g  t h e  crash sequence. 
I n  test 2 t h e  average peak-to-peak accelerat ion adjacent t o  t h e  f loor  beam 
was 78  pe rcen t  h ighe r  i n  t h e  normal  direct ion and 26 p e r c e n t  h i g h e r  i n  t h e  longi -  
t u d i n a l  d i r e c t i o n  t h a n  i n  tes t  1 .  The average  peak-to-peak  longi tudinal  accel- 
e r a t i o n  was 40 pe rcen t  l ower  in  t es t  1 t han  t h e  average normal peak-to-peak 
a c c e l e r a t i o n  a t  co r re spond ing  loca t ions  and  57 pe rcen t  l ower  in  tes t  2.  
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The  average  peak-to-peak  normal  acceleration  at  the roof was 43 percent 
higher f o r  test 2 than f o r  test 1. A comparison of peak-to-peak  accelerations 
in  the  cabin  at a location  on  the roof over  the  main  spar  and  at  a  location 
adjacent  to  the f l o o r  beam  (also  behind  the  main  spar)  shows  that  the roof 
acceleration  was 58 percent  lower in test 1 and 47 percent  lower  in  test 2. 
The  "liveable  volumett of the  cabin  was  adequately  maintained  throughout 
both  tests. 
Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
August 31,  1977 
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Pull  back cable 
Re 1 ease hook 
Pitch  cables  (forward) 
Figure  2 . -  Suspension system. 
Test parameter 
Flight-path angle, y 
Angle o f  at tack,  a 
Pitch  angle, 8 -15' -16' -120 
Roll angle, 0 
Yaw angle, $ 
Flight-path velocity, test 1, V1 
27 m/s Flight-path velocity,  test  2, V 2  
13 m/s 13 m/s 
27 m/s 
Figure 3.- Geometric crash t e s t  parameters. 
( a >  Exterior view. 
Figure 4 . -  Airplane specimen, t es t  2 .  
L-74-2648.1 
(b) I n t e r i o r  view. 
Figure 4.-  Concluded. 
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Figure 5.- Accelerometers on board a i r c r a f t .  
h 
( a >  Camera arrangement i n  tes t  1 .  
n e r a 7   / C o p i l o t  / p a s s e n g e r \  / leas we'g"") 
p a s s e n g e r  T h i r d  p a s s e n g e r  ( l e a d  w e i g h t )  
( b )  Camera arrangement i n  tes t  2 .  






Acceleration, g 0 
- 90 Hz 
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- 60 Hz 
Figure  7.- Data r e d u c t i o n .  F i l t e r i n g  e f f e c t s  on d a t a  from 
accelerometer  2B9N. Test 2 .  
t = 0.10 s. 
" .. .. .- . . ." . .  . . " .  . . ., .. 
t = 0.25 s 
Initial impact, t = 0 
"" 
. . .  
t = 0.15 s - " I 
. .  
t = 0.30 s . ~. - 
(a> Test 1 .  
. .  :- -  . t = 0;35 s 
L-74- 1645. I 
Figure 8. - Photographic sequence of c r a s h   t e s t .  
Before impact  . .  I n i t i a l  I ,  impact ,  t = 0 
t = 0.05 s t = 0.10 s 
t = 0.35 S t = 0.40 s 
(b) Test 2.  
t = 0.45 s 
L-74-2819.1 
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(a) Accelerations at two extreme points. 










( b )  Acce lera t ions   in   sequence  from fore t o  a f t .  Test 1 .  
F igure  9.- Continued. 
( c )  A c c e l e r a t i o n s  i n  s e q u e n c e  f r o m  f o r e  t o  a f t .  Test 2 .  
F igu re  9.- Concluded. 
L-74- 1579 
(a> Overall damage. 
Figure 10.- Exterior damage i n  t e s t  1 .  
(b) Closeup of nose damage. 
Figure 10.- Concluded. 
L-74-2629 
(a> Overall exterior damage. 
Figure 11 . -  Airplane damage i n  t e s t  2 .  
L-74-2632 
(b) Sheet metal s e p a r a t i o n  a l o n g  r i v e t  l i n e s .  
Figure 11 . -  Continued. 
L-74-2642 
( c >  I n t e r i o r  damage. 
Figure 11 . -  Continued. 
L 
Before  impact 
During impact 
( d l  Maximum cabin deformation during impact .  
L-77-276 
F igu re  11 . -  Concluded. 
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Peak-to-peak 
acce le ra t ion ,  
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- 8  
! 
- j  
160- 2B9N 
0-3 4B9N 9 15B9N 
140 \ \ / \  / /  ' 
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Test 2 average = 1129 
Test  1 average = 639 
20 - 
0 1 I 1 . . I . . . "J ~ ." ~ - 4 "  . 
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L o n g i t u d i n a l   s t a t i o n  
( a >  Normal accelerations adjacent to floor beam. 














Test 2 average = 489 
Test 1 average = 389 
19B9L 
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. 1 . " 1  I 1 
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1 .~ 
Long i tud ina l   s ta t i on  
(b) Longitudinal  accelerations  adjacent  to f loor  beam. 
Figure 12.- Continued. 
Peak-to-peak 
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( c >  Normal a c c e l e r a t i o n s  on roo f .  
Figure 12.- Continued. 
Peak-to-peak 







120 "" - - - Test 2 average = 11 49 
80 - Test 1 average = 7 5 9  
40 - 
0 "  ~ I .. . I  1 I 1 I I 
0 5 10 15  20 25 30 35 
Longi tudina l   s ta t ion  
(dl Normal  accelerations  on  cabin f l o o r .  
Figure 12.- Continued. 
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( e )  Long i tud ina l  acce le ra t ions  on cabin  floor. 








50 E 15B9N F r o n t   s e a t   l e g ,   a i s l e   s i d e  ( 2 ) '  
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- 
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(a>  Tes t  1 . 
Figure 13.- Normal acce lera t ions  on f loo r  a t   f i r s t  passenger seat.  
4 Second  impact-
50 q 15B8N 97 Front  seat  leg, window side 0 -  - - - ” V \J - - 
-50 t 
100 r - - 
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0 .02 .04 .06 .08 .10  .12 
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.14  .16 ,18 .2O .22  .24 . :6 
(b) Normal accelerations on f l o o r  and dummy pe lv i s  a long  sp ine .  Test 2 .  
F igure  13.- Concluded. 
APPENDIX 
ACCELEROMETER DATA 
I n c l u d e d  i n  t h i s  appendix is the complete  se t  o f  acce le ra t ion  time 
h i s t o r i e s  f o r  b o t h  tests and a schemat ic  to  he lp  de te rmine  the  acce lerometer  
l o c a t i o n s   c o r r e s p o n d i n g   t o   t h e  time h i s t o r i e s .  ( S e e  f i g s .  A 1  t o  A3.) 
The data have been passed through a 4- t o  3300-Hz band pass  f i l t e r  du r ing  
r eco rd ing ,  and t h e n  d i g i t i z e d  a t  4000 samples  per  second. The d i g i t i z e d  data 
were smoothed by a l e a s t - s q u a r e s  f i t  t h r o u g h  e v e r y  50 p o i n t s  on a th i rd -o rde r  
polynominal  and a IO-po in t  ove r l ap  fo r  con t inu i ty .  
The data are grouped  accord ing  to  the acce lerometer  loca t ion  and  or ien-  
t a t i o n .  The acce le romete r  l oca t ion  i s  r e p r e s e n t e d  i n  t h e  schematic by a 
coord ina te   sys t em  in  the x-, z - ,  and y -d i r ec t ions .  The accelerometer  normal,  
l o n g i t u d i n a l ,  and t r a n s v e r s e  o r i e n t a t i o n s  are i n d i c a t e d  on the t r a c e s  by N, L, 
and T ,  respec t ive ly .   Thus ,  t h e  first acce le romete r   ad j acen t   t o  the f l o o r  beam 
i n  the  normal  d i rec t ion  i s  represented  by 2B9N. Each s t a t i o n  b l o c k  a l o n g  t h e  
X ,  Z ,  and Y axes  is 25.4 ern i n   l e n g t h .  
On the  data p l o t s ,  t he  abscissa r ep resen t s   e l apsed  time in   s econds .   Ze ro  
time is  t h e  time a t  i n i t i a l  c o n t a c t ,  t h a t  is, t h e  time a t  which the fuse l age  
first contac ted   the   impact   sur face .  The a c c e l e r a t i o n s  i n  t h e  o r d i n a t e  are 
expressed  in  g-uni t s  and  each  trace is i d e n t i f i e d  by t h e  l o c a t i o n  a n d  o r i e n t a -  
t i o n  o f  the record ing  acce lerometer .  
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Figure A1.- Accelerometer  locations. 
(a) Normal accelerations  adjacent to  floor beam. 










. .  . .  
. .  . " 
t-----" 
Time. sec  
(b) Longitudinal  accelerations  adjacent to floor beam. 
Figure A2.- Continued. 
(e) Normal accelerations  on  cabin f l o o r  and  wing. 
Figure A2.- Continued. 
l l M L  




. . .  , . , 
Time, sec 
(dl Longitudinal accelerations on cabin floor  and wing. 








(e) Normal accelerations on roof.  










(f) Other accelerations on roof and first passenger. 
Figure A2.- Concluded. 
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APPENDIX 
il . . . ..  ... 
(a) Normal  accelerations  adjacent  to f loo r  beam. 
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(b) Longi tudina l  acce lera t ions  ad jacent  to f l o o r  beam, 









( c )  Normal acce le ra t ions  on cabin f loo r  and wing. 
Figure A 3 . -  Continued. 
( d )  Longi tudina l  acce lera t ions  on cabin f loo r  and o t h e r  a c c e l e r a t i o n s .  









( e )  Normal and longi tudina l  acce lera t ions  on roof .  






















( f )  Acce lera t ions  on p i l o t  and f irst  passenger.  
Figure A3. - Concluded. 
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